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ENERGY UTILISATION AND MANAGEMENT
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Attempt FIVE questions only.
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Total number of questions = 8

All questions carry equal marks

The figures in brackets indicate the relative weightings 

of parts of a question.

Special requirements:


Linear graph paper

1.
The overall objectives of the Energy Manager are to save money. Although it is an over simplification to imagine that this is just a question of identifying areas of inefficiency and taking appropriate corrective action, it does form a convenient starting point for a description of the activity of the Energy Manager. Supposing your job is to produce training materials for new Energy Managers.


(a)
Describe the four principal objectives of the Energy Manager and write these up in a leaflet giving examples to illustrate the four main techniques.
(10)


(b)
Describe what is meant by “Energy Monitoring and Targeting and Energy Auditing”.
(10)


2.
(a)
In the UK in the 1890s a debate raged on whether to standardise the national electricity supply as direct current or as alternating current. Give the principal reasons why alternating current was chosen.
(5)


(b)
What are the reasons for using high-voltages to transport electricity?
(5)


(c)
Why is a three-phase supply so common in industry, and not say, two- or four-phase?
(5)


(d)
Explain the main problems in sharing electricity between two countries such as the UK and France, and describe how it is achieved in practice.
(5)

3.
(a)
Describe the reasons for power factor correction.
(5)


(b)
Name three types of equipment, which produce large inductive loads in industry in the UK.
(3)


(c)
Calculate for an electrical load of 100 kW provided at a power factor of 0.8 :-



(i)
the kVAr capacity of the capacitor bank required to increase the power factor to 0.9.
(6)



(ii)
the increased load that can be installed at a power factor of 0.8 for the same kVA capacity of the original system.
(6)

4.
A steel pipe carries wet steam from a gas-fired boiler through a small workshop to a process plant. It is proposed to insulate the pipe using a glass fibre insulation with an aluminium alloy casing. Using the data below, and making suitable assumptions, plot a graph of the annual cost versus thickness of material and determine:-


(a)
the most economic thickness of the insulation
(12)


(b)
the pay-back period for this thickness.
(8)

Data

Pipe outside diameter : 60.3 mm

Heat transfer coefficient for outside surface of insulation : 10 W/m2K

Thermal conductivity of insulation : 0.07 W/mK

Steam temperature : 200oC

Temperature of air in workshop : 15oC

Boiler efficiency : 80%

Price of gas : 0.3 p/MJ

Operation of plant per annum : 3000 hours

Write-off period for insulation : 5 years

Cost of insulation as given in table below:

Thickness of insulation (mm)
19
25
32
38
50
60

Cost (p/m)

476
531
632
763
1007
1280

5.
(a)
Draw a diagram of a portable heat pump, which may be used for dehumidification and heating, showing the different components used, the interconnection between components, and the direction of all fluid flows.
(5)


(b)
Show how a combination of a heat pump and a run-around coil system can be used to build a heat recovery system for a high humidity environment such as a swimming pool. Draw a diagram showing the interconnection between all components, including air and fluid flows.
(5)


(c)
Describe using a graph what is meant by the heat pump ‘balance point’.
(5)


(d)
Describe three ways in which the use of a ‘bivalent system’ can be avoided in practice.
(5)

6.
(a)
Describe the five main factors which affect the operational economics of



Combined Heat and Power (CHP) plants.
(5)


(b)
Describe five problems associated with CHP
(5)


(c)
A small company is considering installing a CHP plant and you have been asked to conduct an economic evaluation. The company requires 40 units of electrical power and 40.2 units of heat, supplied either from the Grid or the new CHP plant. Using the data below,



(i)
calculate the difference in the overall ‘raw fuel’ efficiencies of the two arrangements
(5)



(ii)
plot the percentage energy saving against heat-power ratio assuming the addition of a secondary boiler.
(5)

Data:

Efficiency of power station : 38%

Efficiency of boilers : 82%

Thermal efficiency of CHP : 40%

Efficiency of waste heat recovery system : 67%

7.
(a)
Describe the Net Present Value (NPV) method of investment appraisal.
(5)


(b)
The table below shows the capital costs and net savings of three projects. For a discount rate of 12%, calculate the NPV of each project.
(8)

	
	Project 1
	Project 2
	Project 3

	Capital cost (£)
	12000
	12000
	16000

	
	Net annual savings
	Net annual savings
	Net annual savings

	Year
	(£)
	(£)
	(£)

	1
	+3000
	+3600
	+3500

	2
	+3000
	+3400
	+3750

	3
	+3000
	+3200
	+4000

	4
	+3000
	+2800
	+4250

	5
	+3000
	+2600
	+4500

	6
	+3000
	+2400
	+4750



(c)
Using the cash flow data of Project 2, calculate the basic NPV for discount rates of 10, 12 and 15%. Draw a graph of NPV against discount rate and hence deduce the Internal Rate of Return (IRR) for the project.
(7)

8.
Write an essay on the technology of ONE of the following topics, explaining what technical barriers are preventing rapid growth in the chosen topic:


Alternative energy
(20)


Alternative fuels
(20)


Binary cycles
(20)







